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1. Introduction

The '7L PE' model possesses several characteristiqs that distinguish
it from its predecessor the '6L PE'. Most significantly, it provides
more accurate forecasts. Technical  differences appear invthe forecast
model and the postprocessing method.

Within the forecast model, the larger grid point array--129 x 129,
(versus the previous 65 x 65), the smaller mesh size--190.5 km (versus
381 km), the use of a third stratospheric layer (versus the previous two
stratospherig layers and a computational cap layer), the use of the upper
boundary condition g%-= 0 at 50 mb (versus the previous %%—= 0 at 0 mb),
the use of a time-average of the pressure gradient, the stronger filtering
of the temporal computational mode, the use of an explicit spatial diffusion
term, and the use of a relatively longer time step constitute an impressive
array of technical changes to the old model.

Within ‘the postprocessing method, we find only two changes. The
first change is associated with the existence of three rather than two
stratospheric layers. The principal consequence of this change is the
fact that fhe 100 mb level parameters are obtained by interpolation,
rather than by extrapolation, of the forecast ¢ (sigma) coordinate
variables.

The second postprocessing change is simply the extraction of "every

other gridpoint" of the forecast model's array of 129 x 129 points to

provide a 65 x 65 array on which the postprocessing is carried out.
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With this as é background, I must stress the limited focus of the
study presented in this note. The objective of this study was to assess
the possibility that the "sampling"” of the forécast variablés, involved
in the extraction of "every other Point," might have led to an "aliasing"
problem.

To show the potential for an 'aliasing' problem is fairly simple.
Consider just one dimension and let the forecast variable F possess

the Fourier series representation
6L

= 2mnl ._2mnl (1)
F,o=F + nzl[An cosT3g + B, 51nrizgq

on the 129 grid points with indices;&»= 0, 1, svsy 128; »Similarly““
we may let f‘stand for the same forecast variable,-'sampled' at every
other point of the 129 point grid. So

~

Fy = Fpp k=0,1, ..., 64 (2)

The sampled field may also be expressed by a Fourier series

32
- n uY 2mnk | o . 2
F = F + ) [A, cos—— + B, sin gﬁk] (3)
n=1

on the 65 grid points with indices k = 0, 1, ..., 64. Using (1) and

(2), one has

6L
A = 2mnk S . 2mnk (4)
Fp = F, =F+ nzl{An cos—g— + B, sin“- ]

To relate (4) to (3), we observe that for n > 32, one may set n = 64-v.

with'yja positive integer less than 32.



So (4) can be .rewritten as

Fk=

31
— 21nk
F + z [A, cos—g5— + B sin“5— ﬂnk]
n=1
+ ' i
A32 cosTk + B32 sintTk
31
2mvk 21vk
+ A cos——— - B i
vzl[A64—V °%Teh ou-v SInTg]

+ A cos 21k + B i
b 4 sin 271k

Relating (5) and (4), one has

n
Ay = Bp + By o
. } 1<n<31"
By = Bh * Bga-n
ny =
F=F + A64
o
A3z = A3y
N }
B3z T B32
- 2 - 2 2
Defining E, “ = Ap© + Bn R
~ N n
and E, = A, + Bp ,
one has
f 2 - p 2 2 ,
Ey Epn” + Bggen” ! 1<n<31

It is the relationship (1) that underlies the 'aliasing' problem.

(5)

(6).

(7)

(8)

(9)

(10)

Vari-

ability with high wave numbexr (n;> 32) on the full 129 point grid will

" appear to be low wave number (n < 32) in its sampled form, on the

65 point grid.
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We must note however tﬁat the postprocessed variables (65 x 65
points) are subject to a digital filter, the H filter (cf. Offiég Note
169). The filter reduces the amplitude of the field ﬁ by a factor
that depends on its wavenumber. With reférence to equation (10), one

has

&2 =Ry B2 =RymI[E2 + 82 ] : (11)

When one looks at the map of a completely postprocessed forecast
variable, one is observing not the actual forecast, but a field with
a structure modified by the sampling and filtering opération analyﬁically
exp;essed in equation (11). Naturally, one's curiosity is aroused.
Are we seeing everything worthwhile, or are the ﬁcosmetics" obscﬁring
sdme intrinsic beauty? Are we being misled by the masquerade of the
high wave numbers?

Now even within the narrow confines delineéted‘above, our study
is perforce further restricted by time and available resources. Allow
me therefore td tell you what exactly I have done, what I have studied
and what conelusidns I have drawn.

Mr. Desmarais provided to me a set of ¢ coordinate variables
(%%{, 6 and z*) producea as‘a 48 hour forecast by the 7L PE model.
These data were for'evefy 'fine mesh' gridpoint within the region shown
in Pigure 1. This region is 1/4 of the model's full domain and is covered

by 65 x 65 "fine mesh' grid points.
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I used this o coordinate data and the postprocessing code 'SIGTOP'
to obtain isobaric variables (T, Z) at each of the fine mesh points of
the limited region. I used the 'GRDPRT' subroutine to print out the o
and isobaric data on the fine mesh grid and on a sampled set, 'every
other point,' comprised of 33 x 33 points. I then used the IBM SSP
subroutine FORIT to calculate the amplitudé spectrafof selected ¢
coordinate variables (94, 65,’P6?(STRAT), Pg (TROPf, Z%) And of selected
isobaric fields (2 and T at 850, 500, and 100 mb).

From the gfaphed spectra one*maylestimate the magnitude of the
aliasing problem and from reconstruction of the fields with truncated
versions of the Fburier series, one may estimate significance of ehergY'
in certain wave number bands. It seems that the 'aliasing problem'
does not rise to a siénificant level, because the use of the H filter
suppresses those waves to which 'aliased' energy makes a significant
contribution. More tentatively I have an impression that some possibly
significant wave-energy is being discarded by the current postprocessing
scheme. This discarded energy has wave lengths between 6 and 8 fine

mesh grid intervals (i.e. 1200 to 1600 km).

2. Horizontal Depiction of Data

I have available a large collection of output charts; the handful
shown here concentrate upon the 100 mb level data. The other maps will

be proferred to SEB for its consideration.
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My first impression was that the stratospheric potential temperature
fields were "noisy," whereas the tropospheric potential temperature and
the gg-fields appeared relatively siﬁple. When I constructed the "tropo-

rause" pressure map (Figure 2) by re-isoplething the stratospheric 9p

o0
field, it became clear that the tropopause pressure was also relatively
'noisy." Subsequently, I found that the postprocessed stratospheric,
isobaric temperature fiélds were significantly_less—noisykthan the strato-
sphere o—layer'poténtial temperatures. From these observations I con-
clude that the very-noisy potentialvtemperature field is associated in
good measure to the large stratospheric static stability and the signifi-
cant horizonfal undulation of the pressure at the mid-point of the ¢
layers. This point will be raised again in my concluding remarks Where
I'11l raise it in. connection with the interprétation of 0's magnitude
in the stratosphere.

In Figures 3A and 3B, the 100 mb temperature and height fields are
shown for a portion of the fine mesh grid. The temperature isopleths
are drawn ét 5°K intervals; the height contours are drawn at 120 m
intervals.

In Figures 42 and 4B, the same fields are presented at fevery
other gridpointf of the domain shown in Figure 1. These are the 'sampled'
fields.

In Figuies 5A and 5B, one has the fields in the form that the
operational pdstproéessor:would produce them. The data in Figures 4

were subjected to the H filter to produce Figure 5.
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One should note that the region shown in Figures 3 occupies the
outlined section in the upper left of Figures 4 and 5. When Figures
3 and 5 are compared, the extent to which the postprocessor modified
the 100 mb data stands out strongly.

In the next section I will show .onedimensional specfra, calculated

along rows 33, 35, ..., 51 of the fine mesh. These rows are "not

uncharacteristically"” noisy; indeed, the signal-to-noise ratio is larger

for these rows than for rows 10, 12, ﬁL;, 28 which were also computed.

3. A Spectral View

In Figure 6 the spectra of the two %%-variables are shown together
with the spectrum of the surface geopotehtial. These curves are called
average spectra, because I filrst calculated the spectrum for each of
10 rows (every other row between 33 and 51) and then formed an average.
They are normalized, because I divided each harmonic's amplitude by the
amplitude of fitst harmonic. The amplitude of the first harmonic in
appropriate units is shown in the legend.

We notice that the stratospheric QE-Variable has larger relative

A 90 .
amplitude than the other two variables over a broad range of harmonics
(6 to 26). The amplitude of the tropospheric %%-first harmonic is»
greater than that of the stratospheric variable; this probably reflects
the impact of the orographic variability.

Figure 7 shows the normalized average spectra for the potential

temperature in & layers 4 and 5. Layer 4 is the uppermost tropospheric

layer, and layer 5 is the layer just above the troposphere. Since the
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first harmonics have comparable amplitude, the much larger amplitude of
8g's hiéher wave numbers is real. ‘It is this feature that immediately
impresses one, when the horizontal maps are‘examinéd. Note well,
" however, that the "eﬁergy" is distributed over a borad spectral band
and has minimal contenr near the "two grid interval waveb(n =t32)l

Although the ¢ layver data is not filtered (the postprécessed
isobaric variables are), I have selected the spectrumbof 65 to show
the theoretical effects of sampling and filtering. .In Figure 8, I
show the un-normalized amplitudeskpf 05's harmonics between 0 and 16.
The amplitudes of the higher harmonics have been "folded" back to produce
“the spectrum of the "sampled" data. Finaliy I show the resultintained;
when each of the sampled data"s harmonics are reduced by the appropriate
factor from the H filter.

It is clear that fdr the harmonics with Fourier index 6, or smaller,
the sampling and filtering have minimal influence. The potential alias;
ing problem in the higher wave numbers is dominated by the action of the
filter. We note howeﬁer that the aliasing of energy into harmonics
7, 8, and 9 have the curious effect of_leaving the "filtered" spectra
with a "spectral bump" centered at harmonic 8. This particular harmonic
has a wave length of four coarse-mesh grid inter&als (8 f£ine mesh grid
intervals). The question arises as to whethér or not the spectral
bump at harmonic 8 in the actual data'is”a realistic feature or is it

a spurious feature. Currently operational methods "fortuitously"

leave it relatively unmodified, rather than1réduCingﬁitSﬂéﬁplitﬁde'byfthe B

0.75 factor that the H filter would yield!



I mentioned above that the signal to noise ratio is larger in the
" data on .the rows 33 through 51 than at rows 10 through 28. Figure 9
documents this for the 100 mb temperature T and height Bs The four curves
show the normalized average spectra for these variables. In the legend,
the amplitudes of the first harmonics (the normalizing factor) are given.
The "northern rows"* have more total variability as shown by the first
harmonics; that is the signal is stronger in the northern rows. The
"noise," harmonics with n > 16, has a larger ratio to the first harmonic
by about a factor of two along the "southern" rows than along the
"northern" rows. This fact may be attributable to the greater proximity
of the lateral walls of the model to the "southern rows,"

In Figure 10, we show that the postprécessed temperature fields
possess considerably less noise than the 0 coordinate potential temperatures
(cp with Figure 7). 1In consequence of this fact, the aliasing problem is
even less serious than it is with the o vériables; The figure also
suggests that the mid~tropospheric temperature field (500 mb T) has less
intermediate wave number (8 < n < 13)»énéi§y'cpﬁtent'théngéither the 850 bf
ﬁ&iéé théﬁfét;fﬁg other;two levels.

To give a physicél—space feeling for the implications of the spectral
analysis, we may consider figures 11 and 12. Here we show the actual
of the set of “northern grid rows."

The relatively noise-free 850 and 500 mb temperatures are shown in

Figure 11. The actual orography along this row is depicted along the base

of fhe figure. ;
*Northern rows = 33, 35, ..., 51. Southern rows 10, 12, ..., 28.
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It is interesting to notice the "bump" in the actual 850 mb tempera-
ture at gridpoint 13, and to observe the correlation with the orographic
spike.

On this figure, I've plotted the 850 mb temperature reconstfuctéd
from the Fourier series'coefficients.for the first 6 harmonics (n = 6
included). This representation seems to be a nice expression for most
of the fiéld's actual variability. Yet it is clear that the minimum
temperatures at grid points 13 and 22 are significantly under estimated
by the truncated series. A wave structure between points 35 and 43 is
also notably‘omitfed by the truncated series. My intuition suggests
that the truncated series is missing details of some real éredictive
value.

Now we turn to the last illustration, Figure 12. There the actual

100 mb temperature is shown>at each grid point of row 41. TFirst we

notice that this field is negatively correlated with the tropospheric
temperatures, as it should be. Then we may note that the jagged spikes
of the actual field, have amplitudes of less than 3 degrees and are not
dominant. They also display very little of the "laﬁtice separation"
characteristics of unstable numerical sclutions.

Two other curves are shown on the figure. These depict the tempera-
tures reconstructed from the Fourier series coefficients trunqated at
the 6th and llth harmonics respectively. While the reader is free to
judge for his (her) -self, it is my opinion that the 11 mode representa-

tion is not a "better" representation of the 100 mb temperature field.



So, it seems to me that the spectral information content of the

“temperature field is confined to relativély longer wave’lengEhS’in the

stratosphere (100 mb) than in the troposphere (850, 500 mb). Perhaps

the postprocessor should account for this fact!?

4. Concluding Remarks

This study proved interesting to me, but the computer feadily
yields so much data that the time required to thoroughly assimilate
the information tends to stretch beyond the bounds .available to the-
casual investigatorT For this reason, I hope that this note may
stimulate a moré far reaching investigation aloﬁg the lines pursued
here and on other courses. |

Earlier I promised to conclude with a comment on the noisy
charactér of the stratosphefic potential temperature field. I have
just two observations:

(1) The adiabatic vertical motions

Wy = - é.?-ve
are probably "horrendous"’complicated, do they have &alue?

(2) If the stratosphere is so noisy and really only has 3]

information bearing harmonicsﬂ;woﬁldn't a spectral model do a better

job for the stratosphere?
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